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DETAILED ACTION 

Response to Arguments 

Applicant's arguments with respect to claims 1-20 have been considered but are moot in 
view of the new ground(s) of rejection as explained hereunder. 

Applicant has amended claims 1, 11, 19 by adding new limitation (e.g. in claim 1 new 
limitation "such that all microwaves irradiated towards the inside of the chamber 1 are 
introduced through the slots of the slot antenna 6 and the top plate" has been added. Further, 
applicant has added new claims 23, 24. 

Accordingly claims 1, 5-7, 9-11, 15, 18, 19, 23 and 24 are now pending and active. 

New reference by Mabuchi et al (US 6,09 1 ,045) when combined with Kazumi et al and 
Chen et al reads on amended claim 1 limitations including the newly added limitation "such that 
all microwaves irradiated towards the inside of the chamber 1 are introduced through the slots of 
the slot antenna 6 and the top plate". Accordingly claims 1, 5-7, 9 and 10 have been rejected 
under 35 USC 103 (a) as explained below. Further, Kazumi et al when combined with Mabuchi 
et al and a new reference by Ohmi et al (US 2002/0020498) reads on amended claim 1 1 
limitations. Accordingly claims 1 1, 24 have also been rejected under 35 USC 103 (a) as 
explained below. Balance claims 15, 18, 19 and 23 have also been rejected under 35 USC 103 (a) 
as explained below. 

Regarding applicant's arguments that the record is devoid of evidence that the thickness 
of the sidewall portion as recited in claim 1 is recognized by Chen as a result effective variable, 
examiner responds that Mabuchi teaches that by selecting the shape of recess in top part 14, that 
is, optimizing the cross-section profile of the microwave window (which would obviously 
include the geometry of the side wall portion of the top plate 14), it is possible to control the 
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plasma density distribution across the substrate surface. Additionally Chen teach that the top part 
of Fig. 4 which includes a sidewall portion, enables to increase the peripheral electric field 
resulting in improved plasma uniformity (col. 9, lines 34-54). Chen also teach that dimensions of 
cross-section of window 100 are optimized to increase microwave electric field at the peripheral 
portion of the top part 100 and enables to obtain improved plasma uniformity (col. 10, line 19 - 
col. 11, line 23). It would be obvious to optimize the geometry of the top part (which would 
include the side wall portion) as a result effective variable, in view of above teachings of 
Mabuchi and Chen, to obtain improved plasma uniformity. Thus, Kazumi et al in view of 
Mabuchi and Chen teach all limitations of claim 1 as explained above. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or 
described as set forth in section 102 of this title, if the differences between the subject matter 
sought to be patented and the prior art are such that the subject matter as a whole would have 
been obvious at the time the invention was made to a person having ordinary skill in the art to 
which said subject matter pertains. Patentability shall not be negatived by the manner in which 
the invention was made. 

This application currently names joint inventors. In considering patentability of the 
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 
claims was commonly owned at the time any inventions covered therein were made absent any 
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1 .56 to point out 
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the inventor and invention dates of each claim that was not commonly owned at the time a later 
invention was made in order for the examiner to consider the applicability of 35 U.S. C. 103(c) 
and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 

Claims 1, 5-7, 9 and 10 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Kazumi et al (JP 2000-331998) in view of Mabuchi et al (US 6,091,045) and Chen et al 
(US 5,234,526). 

Regarding Claim 1 : Kazumi et al teach a plasma apparatus comprising: 
a chamber 20 for accommodating a substrate 27; 

a dielectric top plate unit 23 disposed in an upper portion of the chamber; 

an antenna 50 having a plurality of slots 50A for irradiating a microwave towards an 
inside of the chamber 26 through the top plate member 23, the antenna 50 being disposed on the 
top plate member 23 and being in close contact therewith; 

a gas injection opening 29 for supplying a processing gas into the chamber; and a vacuum 
pump for exhausting the inside of the chamber through exhaust outlet 30 , 

wherein the top plate member 23 includes: 

a dielectric flat plate portion 23A formed to face the substrate; and 
a dielectric sidewall portion 23 B formed to extend from a peripheral region of the 
flat plate portion 23A towards the substrate (e.g. Fig. 3 and para. 0023-0026 and 0030-0035). 

Kazumi et al do not teach wherein sides of the flat portion and the sidewall portion facing 
a plasma generation region have a curved surface extending between the flat plate portion and 
the sidewall portion and the sidewall portion has a thickness not smaller than 1g/4 but not greater 
than Xg , Xg being a wavelength of the microwave, and 
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wherein the microwave propagates from the flat plate portion to the sidewall portion 
and then is supplied towards a periphery portion of the substrate, thereby enhancing a 
uniformity of a plasma density in a radial direction of the substrate. 

Mabuchi et al teach a plasma apparatus comprising a top part 14 (dielectric window) that 
includes a dielectric flat plate portion formed to face the substrate and a dielectric sidewall 
portion formed to extend from a peripheral region of the flat plate portion towards the substrate. 
Mabuchi et al further teach that the sides of the flat portion and the sidewall portion facing a 
plasma generation region can have a curved surface extending between the flat plate portion and 
the sidewall portion. Mabuchi et al additionally teach that by selecting the shape of recess, that is 
optimizing the cross-section profile of the microwave window, it is possible to control the 
plasma density distribution across the substrate surface (e.g. Fig. 7 and col. 5, lines 10-45). It 
would be obvious to optimize the profile of recess in the dielectric window as a result effective 
variable, as per teaching of Mabuchi in the apparatus of Kazumi et al to obtain a desired plasma 
density distribution. Further, the microwaves would obviously flow from the flat plate portion of 
the top plate 14 to the side wall portion and then supplied towards the substrate (including the 
peripheral portion of the substrate). Further still, as already indicated above, Mabuchi et al also 
teach that by optimizing the cross-section profile of the top plate 14 the plasma processing 
uniformity can be improved in the radial direction. 

Therefore it would have been obvious to one of ordinary skills in the art at the time of the 
invention to optimize the profile of recess in the dielectric window, as taught by Mabuchi et al 
in the apparatus of Kazumi et al to obtain a desired plasma density distribution for improving 
plasma uniformity. 
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Kazumi et al in view of Mabuchi et al do not teach the sidewall portion and the sidewall 
portion has a thickness not smaller than Xg/4 but not greater than Xg , Xg being a wavelength of 
the microwave. 

Chen et al teach a plasma apparatus with a gas injection opening 38, an evacuation 
opening 3 a (normally connected to a vacuum pump) and further comprising a top plate unit with 
a flat plate portion and a side wall portion that extends towards a substrate. Chen et al further 
teach that window can also be made in two pieces like a flat plate portion 100c and a curved 
piece lOOd, so that the sides of the flat portion and the sidewall portion facing a plasma 
generation region have a curved surface extending between the flat plate portion and the sidewall 
portion (e.g. Fig 6b). Chen et al also teach that the shape of window with the sidewall (Fig. 4) 
results in a relative increase of peripheral field electric field and enhanced homogeneity of 
plasma. Chen et al also teach that geometry and material properties of the dielectric top plate are 
optimized to optimize the microwave distribution in the chamber, and also as per required 
microwaves modes. Chen et al additionally teach that as an example (Fig. 3) for proper 
matching, the thickness of the dielectric top plate 9 is made equal to l A times lambda.g, 
multiplied by an integer. It would be obvious to optimize the geometry of top plate that is, shape 
of recess or cross-section profile including the side wall portion (as a result effective variable) as 
per teaching of Mabuchi et al and Chen et al to control and optimize the plasma distribution in 
the process chamber (e.g. Figs. 3, 4, 8, 14a and col. 8, lines 50-68 and col. 12, lines 60-68 and 
col. 15, line 44 to col. 16, line 25). 

Therefore it would have been obvious to one of ordinary skills in the art at the time of the 
invention to optimize the shape and thickness of the side wall portion of the top plate as taught 
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by Chen et al in the apparatus of Kazumi et al in view of Mabuchi et al to control and optimize 
plasma density distribution and obtain uniform plasma in the process chamber. 
In this connection courts have ruled: 

It would have been obvious to one having ordinary skill in the art to have determined the 
optimum value of a cause effective variable through routine experimentation in the absence of a 
showing of criticality. In re Woodruff, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990). 

Regarding Claim 5: Kazumi et al teach gas injection opening 29 for supplying gas into 
chamber along the side wall portion (Fig. 3). 

Regarding Claims 6, 10: Chen et al teach that an outer periphery of side wall portion 
120b is covered with a conductor 124 (metal wall of the chamber) without any gap (Fig. 14a). 

Regarding Claim 7: Chen et al teach that inner shape of the dielectric top plate unit 120 
is bell-jar type (Fig. 14a). 

Regarding Claim 9: Kazumi et al teach a gap 25 between the side wall portion 23 and the 
conductor 20 (metal chamber wall) [Fig. 3 and para. 0023]. 

Claims 11, 24 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Kazumi et al (JP 2000-331998) in view of Mabuchi et al (US 6,091,045) and Ohmi et al (US 
29002/0020498). 

Regarding Claim 1 1 : Kazumi et al in view of Mabuchi et al teach all limitations of the claim (as 
already explained above under claim 1) including a dielectric top plate unit having a flat plate 
portion and a side wall portion, and wherein sides of the flat portion and the sidewall portion 
facing a plasma generation region have a curved surface extending between the flat plate portion 
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and the sidewall portion, and a slot antenna in close contact with the dielectric top plate unit. 
Further, in the apparatus of Mabuchi et al the microwaves would obviously flow from the flat 
plate portion of the top plate 14 to the side wall portion and then supplied towards the substrate 
(including the peripheral portion of the substrate) Additionally Mabuchi et al also teach that by 
optimizing the cross-section profile of the top plate 14 the plasma processing uniformity can be 
improved in the radial direction (Mabuchi et al - Fig. 7 and col. 5, lines 10-45). 

Kazumi et al in view of Mabuchi et al do not teach a gap distance between the top plate 
unit and the antenna being equal is smaller than lambda g/10, lambda g being a wavelength of 
microwaves. 

Ohmi et al teach a microwave plasma apparatus with a slot antenna 6 that is disposed 
above a dielectric top plate 2 with a gap dl, wherein the gap is set to be around 6 mm, which is 
smaller than lambda./lO (that is 1.22 cm) so as to obtain improved plasma density [e.g. Fig. 1 
and para. 0035). 

Therefore it would have been obvious to one of ordinary skills in the art at the time of the 
invention to provide a gap that is equal to or smaller than lambda/10 between the antenna and the 
dielectric top plate, as taught by Ohmi et al in the apparatus of Kazumi et al in view of Mabuchi 
et al to obtain improved plasma density on the processing chamber. 

Regarding Claim 24: Ohmi et al teach that all microwaves irradiated towards the inside of 
the chamber are introduced through the slots and the top plate (Ohmi et al - Fig. 1). 



Claim 15 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kazumi et al 
(JP 2000-331998) in view of Mabuchi et al (US 6,091,045) and Ohmi et al (US 
29002/0020498) as applied to claim 11 and further in view of Chen et al (US 5,234,526). 
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Regarding Claim 15: Kazumi et al in view of Mabuchi et al and Ohmi et al teach all 
limitations of the claim including that by selecting the shape of recess in the top part, that is, by 
optimizing the cross-section profile of the microwave window, it is possible to control the 
plasma density distribution across the substrate surface (Mabuchi et al - Fig. 7 and col. 5, lines 
10-45). 

Kazumi et al in view of Mabuchi et al and Ohmi et al do not teach the sidewall portion 
has a thickness not smaller than Xg/4 but not greater than Xg , Xg being a wavelength of the 
microwave. 

Chen et al teach a plasma apparatus with a gas injection opening 38, an evacuation 
opening 3 a (normally connected to a vacuum pump) and further comprising a top plate unit with 
a flat plate portion and a side wall portion that extends towards a substrate. Chen et al further 
teach that window can also be made in two pieces like a flat plate portion 100c and a curved 
piece lOOd, so that the sides of the flat portion and the sidewall portion facing a plasma 
generation region have a curved surface extending between the flat plate portion and the sidewall 
portion (e.g. Fig 6b). Chen et al also teach that the shape of window with the sidewall (Fig. 4) 
results in a relative increase of peripheral field electric field and enhanced homogeneity of 
plasma. Chen et al also teach that geometry and material properties of the dielectric top plate are 
optimized to optimize the microwave distribution in the chamber, and also as per required 
microwaves modes. Chen et al additionally teach that as an example (Fig. 3) for proper 
matching, the thickness of the dielectric top plate 9 is made equal to l A times lambda.g, 
multiplied by an integer. It would be obvious to optimize the geometry of top plate that is, shape 
of recess or cross-section profile including the side wall portion (as a result effective variable) as 
per teaching of Mabuchi et al and Chen et al to control and optimize the plasma distribution in 
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the process chamber (e.g. Figs. 3, 4, 8, 14a and col. 8, lines 50-68 and col. 12, lines 60-68 and 
col. 15, line 44 to col. 16, line 25). 

Therefore it would have been obvious to one of ordinary skills in the art at the time of the 
invention to optimize the shape and thickness of the side wall portion of the top plate as taught 
by Chen et al in the apparatus of Kazumi et al in view of Mabuchi et al and Ohmi et al to control 
and optimize plasma density distribution and obtain uniform plasma in the process chamber. 

In this connection courts have ruled: 

It would have been obvious to one having ordinary skill in the art to have determined the 
optimum value of a cause effective variable through routine experimentation in the absence of a 
showing of criticality. In re Woodruff, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990). 

Regarding Claim 18: Chen et al teach that inner shape of the dielectric top plate unit 120 
is bell-jar type (Fig. 14a). 

Regarding Claim 19: Kazumi et al teach gas injection opening 29 for supplying gas into 
chamber along the side wall portion (Fig. 3). 

Claim 23 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kazumi et al 
(JP 2000-331998) in view of Mabuchi et al (US 6,091,045) and Chen et al (US 5,234,526) as 
applied to claim 1 and further in view of Ohmi et al (US 29002/0020498). 

Regarding Claim 23: Kazumi et al in view of Mabuchi et al and Chen et al 1 teach all 
limitations of the claim except that all microwaves irradiated towards the inside of the chamber 
are introduced through the slots and the top plate. 

Ohmi et al teach a microwave plasma apparatus with a waveguide 7, a slot antenna 6 is 
disposed above a dielectric top plate 2 and a processing chamber 1 such that all microwaves 
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irradiated towards the inside of the chamber 1 are introduced through the slots of the slot antenna 
6 and the top plate 2 [e.g. Fig. 1 and para. 0027-0030). 

Therefore it would have been obvious to one of ordinary skills in the art at the time of the 
invention to provide the apparatus configuration such that all microwaves irradiated towards the 
inside of the chamber are introduced through the slots of the slot antenna 6 and the top plate as 
taught by Ohmi et al in the apparatus of Kazumi et al in view of Mabuchi et al and Chen et al to 
obtain uniform electromagnetic field all over the space in the processing chamber. 

Conclusion 

Applicant's amendment necessitated the new ground(s) of rejection presented in this 
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1 .136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1 .136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the date of this 
final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to RAKESH K. DHINGRA whose telephone number is (571)272- 
5959. The examiner can normally be reached on 8:30 -6:00 (Monday - Friday). 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Parviz Hassanzadeh can be reached on (571)-272-1435. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/Rakesh K Dhingra/ 
Examiner, Art Unit 1792 

/K. M./ 

Primary Examiner, Art Unit 1792 



